METHOD FOR MANUFACTURING GALLIUM NITRIDE (GaN) BASED SINGLE 
CRYSTALLINE SUBSTRATE 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates to a method for 
manufacturing a gallium nitride (GaN) based single crystalline 
substrate, and more particularly to a method for manufacturing 
10 a gallium nitride (GaN) based single crystalline substrate 
using a sapphire substrate. 

Description of the Related Art 

Recently, an optical disk field has been developed to 
15 record data at high density and to reproduce data with high 
resolution. In order to meet these requirements, semiconductor 
devices, which emit light in a short wavelength band, have been 
developed. A gallium nitride (GaN) based single crystalline 
substrate is mainly used as a material for producing these 
20 semiconductor devices which emit light in a short wavelength 
band. A GaN single crystal has an energy band gap of 3.39eV, 

o 

thus being suitable for emitting short wavelength blue light. 

Till now, GaN based single crystals have been grown on a 
substrate made of a different material using vapor growth, such 
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as MOCVD (Metal Organic Chemical Vapor Deposition) or HVPE 
(Hydride Vapor Phase Epitaxy) , or MBE (Molecular Beam 
Epitaxy) . Generally, a sapphire (a-Al 2 0 3 ) substrate or a SiC 
substrate is used as the substrate. Particularly, the 
5 sapphire substrate has a hexagonal structure the same as that 
of GaN and is cheaper and more stable at a high temperature 
than the SiC substrate, thus being widely used as the 
substrate for producing the above semiconductor devices. 

However, since a difference between lattice constants of 

10 sapphire and GaN is approximately 13% and a difference between 
thermal coefficients of expansion (TCEs) of sapphire and GaN 
is approximately -34%, strain is exerted on an interface 
between the sapphire substrate and the GaN single crystals, 
thus causing several problems such as lattice defects and 

15 cracks in the GaN single crystals. These problems cause 
difficulty in growing a GaN film of a high quality on the 
sapphire substrate, and shorten the expected lifetime of a 
semiconductor device produced on the GaN film. 

Accordingly, there is required a method for forming a 

20 GaN film on a GaN single crystalline layer using homo-epitaxy. 
However, this GaN single crystalline layer has a high vapor 
pressure of nitrogen, thus not being able to be used in a 
conventional method for producing a Si substrate or a GaAs 
substrate. 
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Therefore, the GaN based single crystalline layer is 
obtained by growing a GaN bulk on a growth substrate made of 
sapphire or SiC using vapor growth such as MOCVD (Metal 
Organic Chemical Vapor Deposition) or HVPE (Hydride Vapor 
5 Phase Epitaxy) , or MBE (Molecular Beam Epitaxy) . For example, 
in case that HVPE is used, the GaN bulk can be grown on the 
growth substrate so that the growth thickness of the GaN bulk 
is several fm ~ several hundreds im per hour. That is, the GaN 
bulk with a desired thickness can be grown on the growth 

10 substrate in a short period of time. 

However, in this case, stress is still exerted on both 
the sapphire substrate and the GaN layer due to the difference 
between TCEs of sapphire and GaN, thus causing the same 
problems such as lattice defects and cracks in the GaN based 

15 single crystals. In case that strain acting on the sapphire 
substrate by the GaN layer is less than a yielding point, the 
GaN layer is not cracked, but is warped toward the sapphire 
substrate. The warpage of the GaN layer depends on the 
thickness of the GaN layer. When the thickness of the GaN 

20 layer increases, the radius of curvature of the warped GaN 
layer is reduced and the surface of the warped GaN layer is 
roughened, thus causing difficulty in polishing the surface of 
the GaN layer. 

In order to solve the above-described problems, there is 
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required a freestanding GaN based substrate. The freestanding 
GaN based substrate is obtained by growing a GaN based single 
crystalline bulk on a sapphire substrate and then removing the 
sapphire substrate from the GaN based single crystalline bulk. 
5 Here, the sapphire substrate is removed from the GaN single 
crystalline bulk by mechanical polishing using diamond powder, 
chemical etching, or etc. 

In case that the sapphire substrate is removed from the 
GaN single crystalline bulk by the mechanical polishing, 

10 stress exerted on the sapphire substrate provided with GaN 
single crystals grown thereon is in the range of the limit of 
elasticity of the sapphire substrate. Accordingly, the 
sapphire substrate is not cracked, but is warped. However, 
- during the progress of the mechanical polishing, the sapphire 

15 substrate is reduced in thickness so that equilibrium of 
strength in the sapphire substrate is lost, thus being 
cracked. The cracks of the sapphire substrate may be 
transmitted to the GaN layer, and then the GaN layer may be 
cracked also. On the other hand, in case that the sapphire 

20 substrate is removed from the GaN single crystalline bulk by 
the chemical etching, it is difficult to obtain an etchant 
which has a high etching rate and selectively etches the 
sapphire substrate . 

Recently, there is proposed a method for growing a GaN 
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single crystalline bulk on a sapphire substrate using HVPE and 
then separating the sapphire substrate from the GaN single 
crystalline bulk using an ultraviolet laser beam. The 
ultraviolet laser beam passes through the sapphire substrate 
5 with a high-energy band gap, and is absorbed by the GaN single 
crystalline bulk. Thus, this laser beam irradiated onto the 
lower surface of the sapphire substrate dissolves GaN into 
nitrogen gas and gallium, thereby separating the sapphire 
substrate from the GaN single crystalline bulk. 

10 This method for separating the sapphire substrate from 

the GaN single crystalline bulk by means of the irradiation of 
the ultraviolet laser beam can be used in a small-sized 
substrate without causing cracks. However, in case that this 
method is used in a large-sized substrate with a diameter of 

15 more than 2 inches, which is generally required in 
manufacturing a semiconductor device, cracks form on the 
substrate . 

More specifically, in case that a laser beam is 
irradiated on the lower surface of a growth substrate 11 made 
20 of sapphire or SiC as shown in Fig. 1, since the area of the 
irradiation of the laser beam is narrow (maximally lOmmxlOmm 
until now) , the laser beam is sequentially irradiated on 
limited local areas of the sapphire substrate 11 so that the 
laser beam can be irradiated on the entire surface of the 
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sapphire substrate 11. Thereby, the level of stress generated 
by lattice mismatching and a difference between TCEs of the 
sapphire substrate 11 and a GaN single crystalline bulk 15 
grown on the sapphire substrate 11 becomes more serious, thus 
5 causing cracks on the GaN single crystalline layer 15. 
Further, the cracks are propagated into the inside of the GaN 
single crystalline bulk 15 along cleavages, and then may 
cleave the GaN single crystalline bulk 15. The GaN single 
crystalline bulk 15 obtained by the conventional separation 

10 method is not suitably used as a substrate for manufacturing a 
semiconductor device thereon. 

Accordingly, there is required a method for 
manufacturing a GaN single crystalline substrate, in which a 
GaN single crystalline bulk is grown on a growth substrate and 

15 the growth substrate is separated from the GaN single 
crystalline bulk without damaging the GaN single crystalline 
bulk. 

SUMMARY OF THE INVENTION 

20 

Therefore, the present invention has been made in view 
of the above problems, and it is an object of the present 
invention to provide a method for manufacturing a GaN based 
single crystalline substrate, in which a GaN based single 
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crystalline bulk is grown on a growth substrate, grooves are 
formed through the growth substrate so that the surface of the 
GaN based single crystalline substrate is exposed to the 
outside via the grooves, and the growth substrate is separated 
5 from the GaN based single crystalline bulk, thus preventing 
cracks from forming on the GaN based single crystalline bulk 
due to lattice mismatching and a difference between thermal 
coefficients of expansion (TCEs) of the sapphire substrate and 
the GaN based single crystalline bulk. 
10 In accordance with the present invention, the above and 

other objects can be accomplished by the provision of a method 
for manufacturing a gallium nitride (GaN) based single 
crystalline substrate comprising the steps of: 

(a) forming AlxGal-xN (0^ x<l) single crystalline bulk 
15 on an upper surface of a growth substrate; 

(b) forming grooves through the growth substrate so that 
the growth substrate is patterned and divided into several 
units by the grooves, each of the grooves having a designated 
width; and 

20 (c) separating the AlxGal-xN (0^ x<l) single crystalline 

bulk from the growth substrate by irradiating a laser beam on 
a lower surface of the growth substrate. 

The GaN based single crystalline bulk may be grown on 
the upper surface of the growth substrate using vapor 
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deposition such as MOCVD (Metal Organic Chemical Vapor 
Deposition) or HVPE (Hydride Vapor Phase Epitaxy), or MBE 
(Molecular Beam Epitaxy) . The growth substrate may be a 
sapphire substrate or a SiC substrate. 
5 Preferably, the method for manufacturing a GaN based 

single crystalline substrate, after the step (a) , may further 
comprise the step of (a' ) polishing the growth substrate so 
that the growth substrate is reduced to a designated 
thickness, thereby improving working efficiency of the step 
10 (b) . 

Further, preferably, the width of each of the grooves 
may be at least approximately 10jum so that the divided patterns 
of the growth substrate do not contact each other by means of 
thermal expansion. The step (b) may be achieved using a high- 
15 powered laser.. 

In case that a sapphire substrate is used as the growth 
substrate, the high-powered laser may preferably output a 
laser beam with a wavelength of less than approximately 350nm. 

Preferably, the step (c) may be achieved by scanning the 
20 lower surface of the growth substrate using the laser beam, 
and the laser beam irradiated on the lower surface of the 
growth substrate for separating the GaN single crystalline 
bulk from the growth substrate may have a wavelength of less 
than approximately 350nm. 
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Further, preferably, the laser used for separating the 
GaN single crystalline bulk from the growth substrate may be 
selected from the group consisting of ArF, KrF, XeCl, and 
Nd : YAG lasers. 

5 Preferably, the step (c) may include the sub-steps of: 

(c-1) irradiating the laser beam on the lower surface of the 
growth substrate; and (c-2) heating the growth substrate and 
the GaN based single crystalline bulk at a temperature of at 
least 40°C. 

10 Further, preferably, the method for manufacturing a GaN 

based single crystalline substrate, after the step (c) , may 
further comprise the step of (d) lapping and polishing the 
surface of the GaN single crystalline bulk from which the 
growth substrate is separated. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and other 
advantages of the present invention will be more clearly 
20 understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a cross-sectional view showing a conventional 
process for separating a sapphire substrate from a GaN single 
crystalline bulk using a laser beam; 



9 



Figs. 2a to 2d are cross-sectional views showing a 
method for manufacturing a GaN based single crystalline 
substrate in accordance with an embodiment of the present 
invention; and 

5 Figs. 3a and 3b are plan views illustrating a step of 

irradiating a laser beam for separating a GaN based single 
crystalline bulk from a growth substrate. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

Now, preferred embodiments of the present invention will 
be described in detail with reference to the annexed drawings. 

Figs. 2a to 2d are cross-sectional views showing a 
method for manufacturing a GaN based single crystalline 
15 substrate in accordance with an embodiment of the present 
invention. 

As shown in Fig. 2a, a gallium nitride (GaN) based (e.g. 
AlxGal-xN (0^ x<l) ) single crystalline bulk 25 is grown on a 
growth substrate 21. A sapphire substrate or a SiC substrate 
20 is used as the growth substrate 21. The GaN based single 
crystalline bulk 25 is grown to have a thickness suitable for 
use as a substrate (at least approximately 50//m) using vapor 
deposition such as MOCVD (Metal Organic Chemical Vapor 
Deposition) or HVPE (Hydride Vapor Phase Epitaxy) . 
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Here, lattice mismatching and a difference between 
thermal coefficients of expansion (TCEs) of the growth 
substrate 21 and the GaN based single crystalline bulk 25 both 
occur. For example, in case that a SiC substrate is used as 
5 the growth substrate 21, the rate of the lattice mismatching 
is approximately 3.4% and the difference between TCEs is 25%. 
On the other hand, in case that a sapphire substrate is used 
as the growth substrate 21, the rate of the lattice 
mismatching is approximately 13% and the difference between 

10 TCEs is -34%. In this case, as represented by arrows in Fig. 
2a, tensile stress and compressive stress are individually 
exerted on the surfaces of the growth substrate 21 and the GaN 
based single crystalline bulk 25. As shown in Fig. 2b, the 
growth substrate 21 is patterned so as to prevent cracks of 

15 the GaN based single crystalline bulk 25 generated in a 
subsequent step of separating the growth substrate 21 from the 
GaN based single crystalline bulk 25. 

With reference to Fig. 2b, a plurality of patterned 
growth substrates 21' are obtained by forming grooves 26 

20 through the growth substrate 21 so that the surface of the GaN 
based single crystalline bulk 25 is exposed to the outside via 
the grooves 26. Preferably, the grooves 2 6 are formed through 
the growth substrate 21 using a high-powered laser beam. The 
growth substrate 21 is divided into a plurality of the 
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patterned growth substrates 21' by the grooves 26, thereby 
minimizing the level of stress generated due to the lattice 
mismatching and the difference between TCEs of the patterned 
growth substrates 21 and the GaN single crystalline bulk 25. 

Accordingly, it is possible to prevent cracks from 
forming in the GaN based single crystalline bulk 25 when the 
patterned growth substrates 21' are separated from the GaN 
based single crystalline bulk 25. Here, each of the grooves 
26 formed through the growth substrate 21 has a width (d) 
determined by the size of the used laser beam and the size of 
the used growth substrate 21, and preferably has a width of at 
least approximately 10pm. In case that the width of each of 
the grooves 26 is not more than 10/im, the patterned growth 
substrates 21' contact each other by thermal expansion, thus 
reducing the prevention of cracks. 

The high-powered laser uses a Nd : YAG laser, or etc. 
Particularly, when the sapphire substrate is patterned, it is 
preferable to use the laser beam with an energy flux density 
in the range of approximately lOJ/cnf to approximately 20J/cnf. 
In case that the energy flux density of the laser beam is not 
more than approximately lOJ/cnf, it is difficult to form the 
grooves through the sapphire substrate. In case that the 
energy flux density of the laser beam is not less than 
approximately 20J/cnf, the etching rate of the laser beam is 
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excessively high and it is difficult to control the process 
for minimizing the damage of the laser beam to the GaN based 
single crystalline bulk 25. 

Subsequently , as shown in Fig. 2c, a laser beam is 
irradiated on the lower surfaces of the patterned growth 
substrates 21' divided by the grooves 26, thus separating the 
GaN based single crystalline bulk 25 from the patterned growth 
substrates 21' . Preferably, the laser beam uses a wavelength 
of less than approximately 350nm so that the laser beam can 
pass through the sapphire substrate used as the patterned 
growth substrates 21' . Here, the laser is selected from the 
group consisting of ArF, KrF, XeCl, and Nd : YAG lasers. This 
step of separating the GaN based single crystalline bulk 25 
from the patterned growth substrates 21' is achieved by 
scanning the lower surfaces of the patterned growth substrates 
21' with the laser beam. With reference to Figs. 3a and 3b, 
this laser beam irradiation step will be described in detail 
later. 

Alternatively, this step of separating the GaN based 
single crystalline bulk 25 from the patterned growth 
substrates 21' includes laser-beam irradiating and heating. 
Here, the surface of the GaN based single crystalline bulk 25 
contacting the patterned growth substrates 21' is dissolved 
into gallium (Ga) and nitrogen (N 2 ) by irradiating an 
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ultraviolet laser beam with a wavelength of less than 350nm on 
the lower surface of the patterned growth substrates 21' , as 
shown in the following equation. 

5 2GaN - 2Ga(s) + N 2 (g) f 

Next, the patterned growth substrates 21' and the GaN 
based single crystalline bulk 25 are heated at a temperature 
of at least 40°C, so that the patterned growth substrates 21' 

10 are separated from the GaN based single crystalline bulk 25 by 
melting gallium in a solid state. Here, the patterned growth 
substrates 21' separated from the GaN based single crystalline 
bulk 25 may be independently used as a substrate for 
manufacturing a semiconductor device. 

15 Conventionally, the GaN based single crystalline bulk 

could be cracked due to stress generated in this step of 
separating the growth substrate from the GaN based single 
crystalline bulk. However, in the present invention, the 
growth substrate 21 is patterned and divided into a plurality 

20 of patterned growth substrates 21' , thereby reducing the size 
of a contact area between each of the patterned growth 
substrates 21' and the GaN based single crystalline bulk 25. 
Therefore, the reduced contact area between each of the 
patterned growth substrates 21' and the GaN based single 
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crystalline bulk 25 decreases the level of stress exerted on 
the interface therebetween, and minimizes the occurrence of 
cracks on the GaN based single crystalline bulk 25. 

Further, in this embodiment of the present invention, 
5 there may be selectively performed a step of lapping and 
polishing the lower surface of the GaN based single 
crystalline bulk 25 separated from the patterned growth 
substrates 21' . With reference to Fig. 2d, the lower surface 
of the GaN based single crystalline substrate is mirror-like 

10 finished by lapping and polishing, thereby producing a mirror- 
like finished GaN based single crystalline bulk 25' . When the 
grooves 26 are formed through the growth substrate 21 as shown 
in Fig. 2b, the lower surface of the GaN based single 
crystalline bulk 25 may be damaged. Accordingly, as shown in 

15 Fig. 2d, it is preferable to additionally perform a lapping 
step, in which the damaged lower surface of the GaN based 
single crystalline bulk 25 is removed and then the lower 
surface of the GaN based single crystalline bulk 25 is lapped 
so that the lower surface is planarized, and a polishing step, 

20 in which the lower surface of the GaN based single crystalline 
bulk 15 is mirror-like finished. 

The method for manufacturing the GaN based single 
crystalline substrate in accordance with the present invention 
may further comprises a polishing step of reducing the 
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thickness of the growth substrate 21 after the step of growing 
the GaN based single crystalline bulk 25 on the growth 
substrate 21 and before the step of patterning the growth 
substrate 21. Since the growth substrate 21 is made of a 
5 material with a large hardness such as a sapphire substrate or 
a SiC substrate, the thickness of the growth substrate 21 is 
reduced in advance by the above polishing step, thereby 
increasing the efficiency of the subsequent patterning step. 

Figs. 3a and 3b are plan views illustrating a laser 

10 beam-irradiating step for separating a GaN based single 
crystalline substrate from a growth substrate. As described 
above, the laser beam-irradiating step for separating a GaN 
based single crystalline bulk 35 from a growth substrate 31 is 
performed by scanning the lower surface of the growth 

15 substrate 31 with a laser beam. The laser beam scanning may 
be performed by various methods as shown in Figs. 3a and 3b. 

Figs. 3a and 3b show the patterned growth substrates 31 
and the GaN based single crystalline bulk 35 after the 
patterning step shown in Fig. 2b. Here, the pattern of 

20 grooves (d) on the growth substrate is formed in a crisscross 
pattern, thereby dividing the growth substrate 31 into plural 
units formed in regular square shapes. Arrows in Figs. 3a and 
3b represent laser beam scanning routes in the laser beam- 
irradiating step . 
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In Fig. 3a, the laser beam irradiating is performed by 
scanning the lower surfaces of the patterned growth substrates 
31 along the route reciprocating in a row of the patterns from 
the left side to the right side or from the right side to the 
left side. On the other hand, in Fig. 3b, the laser beam 
irradiating is performed by scanning the lower surfaces of the 
patterned growth substrates 31 along the route traveling in a 
spiral line from the outside to the inside. 

Since the scanning methods shown in Figs. 3a and 3b are 
exemplary, those skilled in the art will appreciate that 
various modifications, in which a laser beam is irradiated all 
over the patterned growth substrates, are possible. 

As apparent from the above description, the present 
invention provides a method for manufacturing a GaN based 
single crystalline substrate, in which a GaN based single 
crystalline bulk is grown on a growth substrate, grooves are 
formed through the growth substrate so that the surface of the 
GaN based single crystalline substrate is exposed to the 
outside via the grooves, and the growth substrate is separated 
from the GaN based single crystalline bulk, thus reducing the 
size of a contact area between the growth substrate and the 
GaN based single crystalline bulk and preventing stress 
occurring due to lattice mismatching and a difference between 
thermal coefficients of expansion (TCEs) of the growth 
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substrate and the GaN based single crystalline bulk. 
Accordingly, the method of the present invention is used to 
manufacture a GaN based single crystalline substrate with a 
large diameter of more than 2 inches without causing cracks . 

Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims . 
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